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Tropical plant pathology and mycology’ 


F. L. STEVENS 


My subject divides into two practically distinct topics. As regards both 
I shall limit myself to first-hand knowledge, to what I have myself seen in 
tropical countries including all of the American tropics, Hawaii and the 
Philippines, omitting, therefore, from consideration Africa and Asia. I 
shall also take the liberty of referring to occasional subtropical regions. 

First, I shall speak regarding plant pathology of cultivated plants. 
Diseases, as you will surmise, are both more numerous and more destruc- 
tive than in temperate regions due usually to continuous growth of the 
host and parasite, without the interruption of a hibernation period. So 
rapid is fungous growth that logs of large fallen trees do not for long cum- 
ber the ground in the jungle since they decay so rapidly. It is not unusual 
to see an automobile of recent make with a punk of a Polyporus several 
inches across growing out from the top. In buying second-hand cars the 
first item to look for is freedom of wood parts from fungous invasion. In 
clearing land for banana planting the trees are merely felled, leaving fungi 
to do the rest. Similarly host growth is so rapid that a clearing reverts to 
luxuriant jungle growth within a few years. 

There is no great difference in kind between tropical and temperate 
diseases. The wilts, bacterial and fusarial, are there, as are the mildews, 
smuts, rusts anthracnoses and diseases caused by Rhizoctonia, Sclerotium 
Rolfsit, Pythium, Phytophthora, etc., but all in greater abundance and de- 
structiveness than here. Also there are, of course, numerous genera and 
species of parasites not known in temperate regions; particularly abundant 
are the entomogenous fungi and the algae. 

It may be well to mention a few very destructive diseases, though per- 
haps all are known to many of you. 

The fusarial banana wilt claims many square miles of territory and is 
so destructive that miles of railroad have been seriously handicapped 
through lack of shipping so that perhaps only two or three trains a week 
now run where formerly there were as many each day. 

The coffee rust due to Hemileia has devastated large areas. We may 
well be thankful that prompt action in the Porto Rican Experiment Sta- 


1 Based on an invitation address presented in a symposium on Tropical Botany 
before the joint session of Section G (Botanical Sciences) of the American Association 
for the Advancement of Science, the Botanical Society of America, the American 
Phytopathological Society, and the American Society of Plant Physiologists at New 
Orleans, 29 December, 1931. 
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tion nullified its only entrance in this hemisphere. The cacao witches’ broom 
has spread in such exceeding destructiveness that Ecuador, once the fore- 
most producer of the chocolate bean, is now forced largely to abandon this 
crop. The coconut bud-rot has circled the world, the bud-rot naturally 
killing the trees. On sugar cane are numerous destructive fungous diseases 
and many of the virus type. On rice are listed more than thirty fungi; on 
Bambusa spinosa, fifty. Rubber plants are much beset and seriously. 

In general these destructive diseases have received adequate study only 
in the cases of those crops supported by large corporate interests. The 
banana disease has been thoroughly studied, due to the interests of the 
United Fruit Company; sugar cane by the extremely fine Experiment Sta- 
tion supported by the Hawaiian sugar planters; similarly the pineapple 
diseases by the Hawaiian pineapple growers. The extensive rubber in- 
terests look after the diseases of rubber. 

Aside from researches supported privately by such large money in- 
terests, comparatively few extensive researches have been carried out. 
Exceptions, of course, can be mentioned, as that of the remarkably fine 
research of Stahel proving that Marasmius is the cause of the cacao 
witches’ broom. 

The lesser of the major and most of the minor crops have received but 
little attention. Due to diversity of crops and multitude of diseases the 
task is enormous, far beyond the facilities and workers available. Thus it 
is that in one respect, with no reflections upon the workers there, the 
tropics, as regards knowledge of plant pathology, are now in the main in 
pioneer days, much as it was in the United States when Lamson-Scribner 
and Halsted in 1888 were writing descriptions of diseases now widely 
known. In many regions in the tropics it is now possible to step out, find 
and describe many crop diseases that have not as yet even been listed. 
Thus the tropics offer a field of delight to the pathologist. 

Treatment for disease in the tropics offers especial difficulties due to 
rapid growth and often excessive rain; these difficulties, however, are par- 
tially compensated by very cheap labor. Adequate treatment is, however, 
practically limited to those cases where a large corporate interest is con- 
cerned. In general, spraying by the small planter or spraying of minor 
crops, such as pechi, papaya, taro, fig, luffa, betel, breadfruit, nutmeg, 
cassava, etc., is unknown. The only exception that occurs to me is in the 
case of grapes in certain grape sections in South America. 

Mycologically, the tropics are, of course, wonderfully rich in forms and 
are comparatively but little known. The Philippines may be cited as an 
example of lack of any completness in collecting. A map compiled by Dr. 
Merrill shows the Philippine regions that have been well and thoroughly 
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collected at allseasons, those less collected, and those not collected at all. 
This refers in the main to collecting of vascular plants with comparatively 
little attention given to the fungi. The showing would be much poorer in 
many tropical countries—for example, the vast regions of tropical Amer- 
ica, particularly the great Amazon valley and its adjacent mountains. 

The vast numbers of species in such regions may be imagined when one 
realizes that Mt. Maquiling near Manila, a mountain some 3,700 ft. high 
and about five miles in basal diameter, is said by Dr. Merrill to bear 
about twice as many species of woody plants as the whole United States, 
perhaps with Canada included. The non-woody plants, of course, abound 
equally. This same profusion of species occurs on most Philippine moun- 
tains and usually with a flora markedly differing from mountain to moun- 
tain. 

This profusion of hosts indicates a similar profusion of parasites. There 
are more than 40 species of Ficus recorded in the Philippines each with 
several parasites all its own; yet there are 107 additional species of Ficus 
known from the islands from which the parasitic fungi have not been re- 
corded. Extend this line of thought of abundance of species and almost 
absence of any adequate collection to include all of the tropical regions and 
it will readily be seen that Saccardo’s 24 volumes of the “Sylloge Fung- 
orum’’ would needs be doubled or trebled to contain the fungi of the tropics. 

A few remarks may be appropriate as to some of the most common 
groups of tropical fungi. 

The powdery mildews abound in the tropics, but so far as my experience 
has shown they are never ascigerous. The Meliolas and their kin, eight 
closely related genera, have from first knowledge of them been likened to 
the powdery mildews due to their superficial mycelium, and perithecia 
often with appendages strikingly resembling these of the powdery mildews. 
They are characteristically tropical since only five species are known from 
Europe, fifteen from the United States, while 158 are recorded in the 
Philippines alone. Nearly 1,000 species have been recorded and many 
times that number remain to be recorded. The two forms of hyphopodia, 
the capitate and mucronate, are organs of unknown function, though that 
of the former is probably to serve as a hold-fast and to bear haustoria. 
Often these fungi are heavily parasitized by various and numerous Hypho- 
mycetes and other fungi. These parasites were formerly erroneously re- 
garded as conidial forms of the Meliolas. These numerous parasites are of 
world distribution on Meliolas, thus betokening long association with 
them. The Meliolineae have no conidia, thus presenting strong contrasts 
with the powdery mildews. The Meliolas are highly specialized as to their 
hosts and there is evidence that modifications have occurred upon given 
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hosts. It thus frequently happens that several distinct, but evidently re- 
lated forms are found upon one host species. The evolution of these species 
has occurred during the tenancy of this phylum upon this host. On the 
Convolvulaceae is a group of species characterized by its globose hypho- 
podia. On Leguminosae are many species characterized by variously 
toothed setal tips. On palms are 10 species with the setal tips that are much 
toothed. 

Such evolution as has occurred, giving us the groups of related species 
that we now recognize, may have occurred on the given hosts or with them. 
Thus a primitive form may have lived ages ago on a primitive host form in, 
for example, the Leguminosae. As the primitive host differentiated to give 
us the various genera and species that have arisen from it, the Meliola re- 
siding upon it presumably also at the same time became differentiated; or 
on the other hand the Meliola may have differentiated without any ac- 
companying changes in the host. There is evidence in Hawaiian material 
that an Amazonia and an Actinodothis which now show quite distinctive 
characters have evolved from a common Meliola ancestor since it origin- 
ally adopted Perrottetia as a host. 

The Meliolineae with their magnificent aggregate of species offer a de- 
lightful field for phylogenetic study. It appears at present that the primi- 
tive stock from which this group arose was non-hyphopodiate with 8- 
spored persistent asci with variable spore septation, and that this stock 
diverged along two lines, one with 3-septate spores, the other with 4-sep- 
tate spores. The Microthyriaceae comprise what is probably the largest 
family of tropical fungi and occur in enormous numbers of genera and 
species. They are very beautiful with their radiate perithecium and deli- 
cate, usually hyphopodiate, mycelium and certainly suggest relationship 
to the Meliolas, to which group bridging genera occur. Further study here 
should add much to phylogeny. Many of the temperate zone Hysteriales, 
as recorded, possess a radiate structure strongly reminiscent of the Micro- 
thyriaceae, though none known to me show the hyphopodia so character- 
istic of the Microthyriaceae. It is quite possible that some fungi recorded 
as Hysteriales belong to the Microthyriaceae. Much morphological study 
is here needed. No obvious transition forms between the Erysiphaceae and 
the groups above mentioned are known, but may yet be found. The Dothi- 
deales are bridged to the Meliolineae by several forms such as Actinodothis 
and Amazonia, but this may apply only to a section of the Dothideales 
which are probably of polyphyletic origin. The Trichopeltaceae is a family 
of the Hemisphaeriales of quite unique characters since the plant body 
typically consists of a layer of laterally adhering cells. The plant body is 
strap-shaped and one cell thick, strikingly resembling in structure one of 
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the liverworts. Though abundant in the tropics they have been but little 
collected or written of. Some features of their growth are shown in the 
slides. The perithecia arise from the lower side of the thallus. In Hawaii I 
found some of these fungi that bore no perithecia, but were conidial. 

A most interesting fungus from Hawaii which I collected only once, on 
Rubus, perhaps shows a bridging form between these fungi with the liver- 
wort-like plant body and the ordinary filamentous fungi, since it possesses 
both forms of structures. The Trichothyriaceae parasitic on fungi, largely 
on the Meliolineae, suggest the family just discussed but their real affinity 
is uncertain. The Hemisphaeriaceae, or fly-speck fungi, almost or quite un- 
known here, are very common in the tropics. They are true to their fly- 
speck name in appearance and have been studied hardly at all except as to 
their most apparent morphology. They are very variable in ascus and 
spore characters and are highly specialized as to host relation. 

The Sooty Moulds of course abound. Their great variability and many 
taxonomic tangles are well enough known to you through your few tem- 
perate species which for long were called Meliolas. It is needless to men- 
tion the great increase in these difficulties in the tropics. 

The Myriangiales so rare here are quite abundant tropically. 

The Dothidiales abound in a way unknown here, constituting prob- 
ably one of the three largest orders of tropical fungi. Their taxonomic 
status, as admitted by Sydow, is far from satisfactory. They verge indis- 
tinguishably toward the Sphaeriales on one hand and to the Perisporiales 
and Hemisphaeriales on the other. Much morphologic study is needed to 
brace up taxonomy and phylogeny. The occurrence of more than 40 re- 
corded species on the single genus Ficus suggests both their abundance and 
the need of biologic and morphologic studies. 

Connecting forms between groups which may be of much phylogenetic 
interest occur frequently in tropical collections. The genus Graphiola long 
puzzled mycologists who knew not whether to class it as a smut, a rust, one 
of the Imperfecti or what not. The solution eventually was to erect the 
family Graphiolaceae. But did that help? In Panama I found a fungus 
which I christened Shropshiria which seems to me, I hope correctly, to be 
kin to Graphiola, though in many respects different from it. This finding 
leads to the hope that more kin may eventually be found and so suffice to 
finally lead to the placing of this floating group in connection with the rest 
of the fungi. 

Practically none of the above mentioned groups has been studied cyto- 
logically, as to the origin of the asci, or as to biological specialization. 

Rusts in the tropics are of great interest since so many apparently 
aecial forms prove on germination to be telial. Further study may reveal 
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chapters comparable to the interesting Caeoma nitens story of the tem- 
perate regions; indeed one such case was strongly suggested by my study 
of Philippine rusts. In case of the insular flora of Hawaii it is interesting to 
note that six of the rusts are apparently of American derivation while 
there is only one from the west. The paucity of indigenous smuts in Hawaii 
is peculiar and striking as compared with their greater abundance in 
Porto Rico. 

In conclusion I would emphasize the wonderful richness of the tropics 
in all fields of mycology and pathology and urge the importance ot col- 
lecting trips and of field study. 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 
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A biological survey of the Maya area! 


HARLEY Harris BARTLETT 


The study of the wide-spread Maya civilization which once covered 
much of Central America and southern Mexico is a major interest of 
Tulane University, our host institution at this meeting. Its Department 
of Middle American Research under the leadership of Prof. Frans Blom, 
is unique among American universities. Research in Maya archeology has 
been carried on for twenty-five years by the Department of Historical 
Research of the Carnegie Institution of Washington. The Field Museum 
is active in the Maya field, and the Peabody Museum of Harvard Uni- 
versity has been a pioneer with a record of research extending through 
more than half a century. The beginnings of Maya research were made by 
the American consul to Yucatan, Stephens, whose four intensely inter- 
esting volumes, published in 1841 and 1843, directed the attention of 
Maudslay, of England, to the Maya region, where his investigations were 
of monumental importance. 

Maudslay has had worthy followers, and archeological data have ac- 
cumulated rapidly. But Kidder of the Carnegie Institution now says that 
“proper utilization of these data . . . can be made only in the light of ac- 
curate information as to the biological nature of the populations con- 
cerned, and as to the environment in which they lived. . . . It has accord- 
ingly been necessary to call for aid by workers in several non-archeological 
fields. Furthermore, the principle that in any investigation one should 
proceed from the known to the unknown, which in archeology means 
that one should work from the known present to the unknown past, has 
induced analysis of modern conditions and post-conquest history.”’ 

The analysis of modern conditions has been undertaken through col- 
laboration of the Carnegie Institution with several institutions. The 
School of Tropical Medicine of Harvard University has undertaken a 
medical survey. The University of Chicago has assigned Dr. Redfield and 
Dr. Andrade to the fields of Maya ethnology and linguistics, respectively. 
Geological work has been started by C. Wythe Cook of the U. S. Geologi- 
cal Survey. The University of Michigan has committed itself to a twenty- 
year program of biological survey, and has completed the work of one 
field season. 


’ Based on an invitation address presented in a symposium on Tropical Botany 
before the joint session of Section G (Botanical Sciences) of the American Association 
for the Advancement of Science, the Botanical Society of America, the American 
Phytopathological Society, and the American Society of Plant Physiologists at New 
Orleans, 29 December, 1931. 
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Of course no one believes that a biological survey carried on by one in- 
stitution will give complete and definitive information in twenty years. 
Nevertheless, if the work is well balanced it ought to establish the main 
outlines of plant and animal geography, to determine the main ecological 
phenomena accompanying man’s occupation and abandonment of agri- 
cultural land, and to work out the ethnobotany and economic botany of 
the region in considerable detail. 

The Maya area includes all of the Yucatan peninsula and considerable 
adjoining parts of Central America and Mexico. If defined broadly, it 
covers part or all of the following political units: Guatemala, Salvador, 
British Honduras, Honduras, Yucatan, Quintana Roo, Campeche, Tabas- 
co, Chiapas, Oaxaca, Vera Cruz, and Tamaulipas. From a biological 
standpoint this is a region of much diversity, but there is a certain unity 
about it as well. It includes a representative part of the Atlantic tierra 
caliente, the only part of Mexico and Central America in which the flora 
has a large West Indian element. The considerable amount of endemism 
in the Yucatan peninsula increases the interest of the Maya area as a 
phytogeographic unit. 

This paper need hardly touch upon the earlier biological history of 
the region since it was covered by Hemsley in Godman and Salvin’s 
“Biologia Centrali-Americana.’’ Furthermore, since this is a botanical 
audience and the speaker is a botanist, in what follows I shall confine my- 
self to the history of botanical exploration and to the statement of what 
botanists are now doing. The more general title of the paper was chosen 
in order to emphasize the fact that the predominant part of the Michigan 
project is zoological, and is being carried out under the general supervision 
of Mr. F. M. Gaige, Director of the Museum of Zoology. 

It goes without saying that on the botanical side much more has been 
accomplished in the past than we can hope to add during our twenty- 
year program. In order to utilize accumulated data to the best advantage, 
however, much new work must be done in the way of correlation and in- 
tegration. Descriptive science ordinarily grows in a chaotic and haphaz- 
ard fashion, but it does grow even without much directive thought. With 
one institution planning to fill the neglected gaps, and to supplement the 
work of other institutions, a twenty-year program ought to accomplish 
very valuable results. 

Hemsley’s great work serves us the more conveniently as a point of 
departure because of the facts that prior to its publication (1879-1888) 
there had been relatively little participation from the United States 
in the botanical exploration of the region, and that most of the materials 
available in this country have been accumulated subsequently. 
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As a matter of fact, the data brought together by Hemsley were so 
deficient for the Maya area that they served chiefly to indicate the extent 
to which it had been neglected. For British Honduras, Hemsley was able 
to record, aside from scattered specimens, only a single collection of as 
many as forty species. He cited only 152 species from the whole of Hon- 
duras. American participation in floristic investigation of the Maya area 
has been so continuous since the publication of Hemsley’s work that our 
four major botanical] institutions offer greater resources to the investigator 
than are to be found in Europe. 

Among more recent collectors the first to be mentioned should be 
Sereno Watson of the Gray Herbarium. His interest in Guatemala was 
whetted by a lack of information so great that his friend Walter T. Brig- 
ham, an observant and critical traveler, wrote, ““Any botanist who would 
devote three months to the thorough exploration of the valley forests of 
Guatemala ought to add not less than a hundred new species to the flora 
of the region and also determine the species of most of the beautiful cab- 
inet woods now known only by their native names.”” During two months 
in the winter of 1886 Watson collected in the Department of Izabal five 
hundred species of plants, including many new species, the first extensive 
Central American collection to become part of an American herbarium. 

From 1890 to 1907 Captain John Donnell Smith of Baltimore took 
Guatemala and adjoining regions as his special field of interest, engaging 
personally in field work from 1890 to 1896 and later cooperating with 
other botanists, whose expeditions he financed and whose collections he 
studied and distributed. In 1907 he published the eighth and last part of 
an enumeration of the plants of Guatemala (including as well many rec- 
ords from the other Central American republics) in which he cited 3736 
species, of which 1189 were not listed by Hemsley. Captain Smith be- 
queathed his collections to the Smithsonian Institution. Baron von 
Tuerckheim, whose earlier collections, at Kew, were made as far back as 
1878, was Captain Smith’s chief collaborator. 

Before the end of Captain Smith’s activity other Americans were be- 
ginning to take an interest in Guatemala. The ‘Peripatetic School of 
Botany” of Prof. W. A. Kellerman came to an unfortunate end. His 
death from malaria in Guatemala in 1908 closed a project of botanical 
exploration which he had hoped to carry on with the aid of students as a 
supplement to the instruction in his department at Ohio State University. 
Mr. C. C. Deam, before he became State Forester of Indiana, made bo- 
tanical expeditions to Guatemala, in 1905 and 1907, which added much to 
our knowledge of the flora. One of the most curious of all Cactaceae, the 
genus Deamia of Britton and Rose, commemorates his activity in Central 

















10 BULLETIN OF THE TORREY CLUB [VOL. 59 


America. The most complete set of his tropical plants is at the University 
of Michigan. 

From a monographic, as opposed to a floristic or economic standpoint, 
the most outstanding American work has been that of Dr. A. S. Hitch- 
cock, whose collections of grasses in 1911 from all parts of Central Amer- 
ica except British Honduras, supplemented by those of previous botanists, 
provided the material for his “Grasses of Central America.” 

The only lower cryptogams which have had at all intensive study are 
the rusts. For many years E. W. D. Holway devoted himself to the study 
of tropical rusts, including those of Guatemala. He died in 1923, leaving 
his herbarium to the University of Minnesota. It has fallen to the lot of 
few modern amateur botanists to make as indelible a record in his chosen 
field as he did. His rusts were generally collected in districts where no 
previous work had been done, and of course a good many of the species 
proved to be new to science. 

Just as the work of Hitchcock on grasses and of Holway on rusts rep- 
resents the beginning of intensive efforts to complete our knowledge of 
particular families over large ranges, so the other type of systematic at- 
tack, in which every plant possible in a small restricted area is accounted 
for, has also just begun in the Maya area. It is to the credit of Standley 
that he has produced the first local floras for our region, one of which, the 
“Flora of the Lancetilla Valley, Honduras,” stands alone from the stand- 
point of its adequacy for a restricted area. Nothing of moment preceded 
it for Honduras except the scanty records in Hemsley’s “Biologia” and 
John Donnell Smith’s “Enumeratio,” and the collections of Percy Wilson, 
made for the New York Botanica] Garden in 1903. Standley spent several 
months in the field in 1927-28 and collected over 3000 numbers in all 
groups of plants, mostly within a very restricted area about Tela. His 
flora, therefore, will be especially valuable for florestic comparisons when 
other localities shall have been studied in equal detail. Of course not many 
places are likely to receive the detailed attention that Standley has de- 
voted to the Lancetilla Valley, and it is hoped that the latter may come 
to be considered as a classic locality for which future records will be pub- 
lished as they accumulate. 

The first good collection from British Honduras to reach this country 
was made from 1905 to 1907 by M. E. Peck for the Gray Herbarium. It 
consisted of over 900 numbers and contained a considerable number of 
new and interesting plants of which there has been only a scattered rec- 
ord. The grasses, which have been made the subject of a paper by F. 
Tracy Hubbard, were sufficiently well represented to enable Hubbard to 
draw the interesting conclusion, concurred in by Dr. Robinson, who has 
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studied other families, that the flora of British Honduras is composed of 
some Mexican but chiefly of West Indian and South American elements. 

British Honduras had its political origin in the early struggles of the 
English and Spanish for control of the formerly valuable logwood trade. 
With the eventual decline of logwood as an article of commerce, mahogany 
rose to first place as an export, and then chicle gum became very important 
for a time, but, through all the vicissitudes of commerce, uncultivated 
products of the forest have always been the mainstay of the colony. The 
“bush” was long looked upon as an inexhaustible mine, but a survey of 
the remaining mahogany, completed about 1922, showed the necessity of 
a constructive forestry policy for the future. A Forest Department was 
inaugurated to which the colony has been so hostile that its effectiveness 
has lately been greatly reduced. Stimulated by Professor Record of Yale 
University, and with the help of Standley in the determination of the 
material, several members of the Forest Department have considerably 
extended our knowledge of the composition of the complex rain forest. 
Especially valuable have been the lists of scientifically identified local 
names which Record has issued, in the pages of ‘“‘Tropical Woods.”’ The 
Forest Department is making detailed maps showing the distribution of 
forest types over the colony. These maps have not yet been published but 
are available for consultation. 

The recent work of three collectors has been especially important in 
British Honduras. C. L. Lundell has worked in the Orange Walk District, 
and his large collections of 1929 supplied the first adequate representation 
of the flora of any limited region of the colony. A small collection by J. S. 
Karling in 1928 was remarkably productive of new species and extensions 
of range. The greatest additions, however, have come through an inde- 
pendent collector, Mr. William A. Schipp, from whose astonishingly rich 
collections Dr. Standley has described many novelties. 

We may now turn from the strictly Central American part of the Maya 
area to that part which lies in Mexico. 

While the “Biologia Centrali-Americana” was going through the press, 
an American physician, George F. Gaumer, began the work upon which 
our knowledge of the flora of Yucatan is almost wholly based. His first 
specimens, collected in 1885-86 on Cozumel Island, were listed in an 
appendix to Hemsley’s fourth volume. The Field Museum was founded 
in 1893, and the curator of its herbarium, the late Dr. Charles F. Mills- 
paugh, collected in Yucatan in 1894. He became acquainted with Dr. 
Gaumer, who collaborated with the Field Museum until about 1921. The 
first set of Gaumer’s plants, aggregating more than 5400 specimens, is in 
the Field Museum. Dr. Millspaugh again visited Yucatan in 1899. Other 
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collectors in Yucatan have been Profirio Valdez (1887-1896), Witmer 
Stone of the Philadelphia Academy (300 plants, 1890), E. A. Goldman of 
the U. S. Biological Survey (1901), the archelogists Eduard and Cecilia 
Seler (several hundred species, 1902-1911), J. M. Greenman (180 species, 
1906), G. N. Collins (1912-13), Dr. J. B. Becquaert (100 species, 1929). 
The Field Museum has been fortunate in securing sets of most of these 
collections and the most important older collection (that of Arthur Schott, 
850 plants, 1864-66) as well, so that its holdings of over 7000 sheets rep- 
resent the most important source of knowledge of the Yucatan flora. The 
utilization of this material was begun by Millspaugh, and brought to a 
conclusion after a laspse of 30 years in Standley’s “Flora of Yucatan,” 
issued in 1930. Dr. Gaumer recorded a great number of Maya plant names 
and uses. These, compiled by Standley from Gaumer’s manuscript and 
specimen labels, constitute an important and valuable body of data for 
the correlation of the botany and ethnology of the region. In this field 
Gaumer has been followed by Ralph L. Roys whose “‘Ethnobotany of the 
Maya”’ has just appeared. 

The work of Mr. Roys is the second volume of the publications of the 
Middle American Research Series of Tulane University. He has brought 
together manuscript materials and local publications dealing with medi- 
cine, arranged them according to a logical system, and published both the 
Maya text and his translation. Yucatan is the only part of America where, 
after the Spanish conquest, the Indians themselves wrote a considerable 
body of medical literature in their own language but in European script. 
Although none of the existing manuscripts is older than the 18th century, 
there is every probability that they were passed from hand to hand and 
copied, so that the literary materials are older than the actual manuscripts. 
They contain much that is European in origin, but it is thinly superposed 
upon a substratum of native lore which can readily be distinguished. Mr. 
Roys’ study will be of basic importance. It doubtless includes the vernac- 
ular names of most of the important medicinal plants in Yucatan, and 
presents a challange to the botanist to trace the identity of the unknown 
plants as well as to confirm the determinations which have already been 
made. He and Tulane University are to be congratulated upon its timely 
publication. 

Standley’s “Flora of Yucatan” covers not only the political state of 
Yucatan, but also what little is known of adjacent areas (except British 
Honduras). To be sure, our knowledge of Quintana Roo, the Mexican 
state lying north of British Honduras, and south of Yucatan proper, is 
very slight. Standley says that “‘of the flora of Campeche our present 
knowledge probably could be recorded on a single page of not very small 
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print.’’ For the Petén district of Guatemala, the heart of the Maya Old 
Empire, there are only a few records resulting from a trip of Cook and 
Martin of the U. S. Department of Agriculture. 

The part of the Yucatan peninsula which has been most adequately 
studied is the driest and floristically presumably the poorest, so there can 
be no doubt of Standley’s great conservatism in stating that the whole 
flora would contain double the number of species so far accounted for. 
Since he lists only 1068 species the known flora is a very small one, and, 
as he says, compares very unfavorably with very much smaller areas such 
as the tropical Panama Canal Zone or even the temperate District of 
Columbia. 

If it is borne in mind that the highland flora of Guatemala is similar 
in composition to the exceedingly rich southern Mexican highland flora, 
and that the latter passes into a large area of tropical lowland rain forest 
which in turn grades into the dry thorn-scrub of Yucatan, and that the 
Flora of Yucatan is based almost entirely upon the latter, we can readily 
see how much remains to be accomplished. Standley wrote in the preface 
to his Flora: “It is not probable that the botanical exploration of the re- 
gion will be completed in the near future. Botanists, at least modern ones, 
like other naturalists, choose the pleasant and agreeable regions in which 
to work rather than those of prime botanic interest. It is an easy matter 
to indicate on a map the areas of tropical America in which the richest 
results could be obtained, but try to find a botanist who will explore 
them . . . Quintana Roo is still a sparsely inhabited territory because of 
the unfriendliness of its few primitive inhabitants towards strangers. 
Moreover it is reputed to be infested with malignant malaria. Campeche 
possesses large tracts difficult of access. It may be predicted with all con- 
fidence that for some time to come botanists who visit the Yucatan Penin- 
sula will continue, as heretofore, to confine their travels to the usual tour- 
ist routes of the state of Yucatan, or to the more easily accessible portions 
of northern British Honduras.” 

Already Mr. C. L. Lundell, whose collections in the Orange Walk Dis- 
trict of British Honduras have been mentioned, has gone to Campeche, 
where he is botanizing in the back country of a practically unknown dis- 
trict. Unusually valuable information is sure to result from his work, since 
a resident collector, watching the flora throughout the year, secures much 
that could not be obtained by an expedition. 

The state of Tabasco is another botanically neglected part of the Maya 
area. The ferns are included in the “‘Pteridografia del Sur de Mexico” of 
the Mexican botanist Rovirosa. The same botanist made collections in 
other groups, but the flora as a whole is relatively unknown. 
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There have been recent collections in Chiapas by E. W. Nelson of the 
U. S. Biological Survey and by the archeologists E. and C. Seler. This 
last year Mr. Carl O. Erlanson made an important trip for the study and 
collection of economic plants, in behalf of the Office of Foreign Plant In- 
troduction of the U. S. Department of Agriculture, but much of this im- 
portant region remains botanically untouched. 

We have now reviewed the status of botanical exploration in the area 
within which important ruins of old Maya civilization have been dis- 
covered. The Maya people and Maya influence extended farther north- 
ward, however; so it is desirable to include parts of the marginal states of 
Oaxaca and Vera Cruz in our survey. Oaxaca has been visited by some of 
the best recent collectors, notably by Pringle and E. W. Nelson, but it is 
especially fortunate in having a resident botanist of distinction who has 
devoted many years to the study of the flora—Professor C. Conzatti. His 
paper on the botanic geography of Oaxaca presents one of the first pieces 
of reasonably detailed vegetational mapping which we have for Mexico. 
Such a map, on a somewhat larger scale, is one of the objectives of the 
projected biological survey of the Maya area. Professor Conzatti’s map 
of a state on the margin of the area is a substantial contribution. 

In connection with vegetational mapping, it may be said that there 
will also be great need and opportunity for close ecological study of the 
successions which result in the reestablishment of typical forest on aban- 
doned land. Formerly populous Maya sites are now covered with forest, 
which has all the characteristics that are commonly accepted as ‘“‘primae- 
val.”’ It even remains to be discovered whether at low altitudes in the 
Maya region there can be discovered any criterion for distinguishing pri- 
mary from secondary forest. Since one of the chief results of a botanical 
survey, from the standpoint of the archeologist, will be to determine what 
land was formerly in cultivation, the importance of the ecological point 
of view is manifest. 

An enormous amount of botanical work has been done in the state of 
Vera Cruz. Yet the discoveries that are being made still by Purpus have 
shown that the field is far from exhausted. Maxon indicated more than 
twenty years ago that from the standpoint of ferns the most valuable field 
work that could be done in tropical America would be a thorough combing 
of the middle altitudes in Oaxaca and Vera Cruz. What was true then is 
still in large measure true, not only for the ferns but for other groups as 
well, the reason being that the higher altitudes are more attractive to col- 
lectors. 

At the north of the long coastal state of Vera Cruz, at the border of 
Tamaulipas, is the Huasteca region, an isolated island of the Maya area. 
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One of the first contributions to Mexican botany published in America, 
Asa Gray’s paper on Ervendberg’s plants from Tantoyuca, dealt with the 
flora of this region. Berlandier collected there also, and more recently 
Palmer, but from the ethnobotanical and linguistic point of view a thor- 
ough botanical going-over of the region ought to be most productive and 
should be one of the chief botanical objectives of the Maya project. 

The whole of southern Mexico and Central America needs all the study 
that can be devoted to it on the economic side. As Blake has pointed out, 
the Mexican botanists have done nearly all that has been done in the way 
of recording the uses and names of plants. The botanists of Europe and 
America have done the purely taxonomic and descriptive work, but the 
two bodies of literature have remained largely uncorrelated. 

The Maya area is presumed to be, and there is good evidence that it 
is, one of the two primary centers in which American agriculture devel- 
oped. This is not to say that there were not other centers which enriched 
aboriginal argiculture with their share of cultivated plants. The Maya 
area, however, was preeminently the cradle of American civilization and 
one of the two regions (the other being Peru) whose native flora contrib- 
uted the plants basic for agricultural and other utilization. This point 
has been brought out forcibly by Vavilov, whose recent expeditions in 
behalf of the Soviet Russian government have brought together an enor- 
mous wealth of economic plant material. 

Vavilov has come to certain conclusions as a result of his explorations 
which are very significant indeed. These are: (1) that every primary center 
of indigenous culture developed not merely because of favorable living 
conditions in general, but in particular because of an especial wealth of 
wild economic plants whose products, at first merely gathered, were event- 
ually secured more abundantly by taking them into cultivation; (2) that 
the modification of plants in cultivation consists primarily in the sorting 
out of recessive types which appear either as mutations or as segregates 
from hybrids; (3) that since man has disseminated most widely the most 
specialized cultivated types, the peripheral areas in the distribution of any 
economic species, or group of inter-related species, contain predominantly 
extracted recessive inbred types which, remaining isolated, have in large 
measure lost the possibility of giving rise to further useful variants; (4) 
that the original center, on the contrary, where the cultivated selected 
types remain in association with the wild progenitors, is the region where 
the greatest number of dominant characteristics will be preserved, where 
the number of varietal types will be the greatest, and to which modern 
agriculture may return for strains which will serve as new points of de- 
parture for plant breeding. In otherwise habitable regions which provided 
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the best sources of food, the civilizations of antiquity grew up, each at 
first developing its own initial plant resources and eventually borrowing 
from other centers. 

Judged in accordance with these criteria it was in the southern part 
of Mexico that the most basic plant of American agriculture, maize, origi- 
nated. In this region the greatest diversity of varieties exists, and here 
maize has been grown for ages under the most primitive agricultural con- 
ditions—namely, in fresh forest clearings without irrigation. Since maize 
obviously owes its persistance, in all of its known forms, to man’s care, 
and must therefore have originated from something that presumably still 
exists, the most natural conclusion is that it has been derived from teosinte 
(Euchlaena mexicana) the only plant with which it crosses freely and pro- 
duces fertile hybrids. It must have originated in Mexico because Euch- 
laena is not found farther south. Collins has shown that the Mexican 
population of Euchlaena mexicana differs considerably from the one which 
in Florida is considered the same species, and that the Mexican strains 
can be duplicated among the hybrid combinations secured by crossing the 
Florida Euchlaena with maize. It would therefore appear that much or 
all of the population of Euchlaena in Mexico may represent the result of 
interbreeding with maize, and, conversely, that whatever direct wild pro- 
genitors maize may have had have been generally eliminated by hybridi- 
zation with cultivated maize. 

Collins has stated the objections that may be raised to the hypothesis 
that maize arose as a mutation from Euchlaena. (1) Its characteristics do 
not cohere as a unit in hybridization with Euchlaena. On the contrary, 
the hybrid is resolved by segregation into a series of very different hy- 
brid combinations. (2) Primitive man would not have observed and pre- 
served an original mutation, since Euchlaena was of no use to him, and 
would not have been cultivated. As Collins says, it is almost incon- 
ceivable that the very small seed of Euchlaena, almost inextricably im- 
bedded in a segment of woody rachis much larger than itself, could have 
been used for food. We must agree with Weatherwax that there was once, 
somewhere, a prototype of cultivated maize that had such characteristics 
that it could have been directly of use as a food plant when man found it. 

If we assume that such a primitive maize arose in the wild, very lo- 
cally, as the result of interacting factors for which the necessary mutations 
took place in different chromosomes and in different lines of descent in 
Euchlaena (thus differing with Weatherwax), we arrive at a hypothesis 
that seems to have much in its favor. Maize might then appear suddenly, 
as though by immediate mutation, but really as a result of a rare fortui- 
tous combination of factors. Having once appeared, even though it were 
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immediately submerged by crossing, maize would give rise to a heter- 
ozygous germplasm from which the maize combination might repeatedly 
and frequently appear by segregation. Some such phenomenon may have 
come about as a population of wild maize existing only jointly with teo- 
sinte, the maize individuals appearing presumably by segregation from 
the hybrid combinations by iterative crossing in every generation, for the 
maize plants, even though not contributing to the population by seed, 
would contribute pollen for back-crossing of the hybrids. Since we know 
from the vast number of Mendelian types in maize that the maize chromo- 
somes are very mutable, there is no reason why the potential evolution 
of maize varieties should not have been taking place while the maize 
chromosomes were in teosinte combinations. If the association of charac- 
teristics that distinguish Zea is due primarily to a certain fortuitous com- 
bination of mutated factors of Euchlaena chromosomes and the Euchlaena 
chromosomes are therefore not merely remotely homologous with Zea 
chromosomes but actually interchangeable with them, there would seem 
to be no reason why genetic analysis should not clear up the problem. 
Investigators must simply devote themselves to the genetic study of teo- 
sinte-maize hybrids with the same assiduity that they now devote them- 
selves to the genetics of maize. The results have direct utility in neither 
instance, and since the problem of the origin of maize is the most inter- 
esting one presented by American agriculture and ethnobotany, it would 
appear worth while for geneticists to shift their point of attack somewhat. 
Perhaps Sereno Watson was not, after all, so far wrong when he de- 
scribed a spontaneous maize-teosinte hybrid from Mexico under the name 
Zea canina, considering it a wild maize. 

Dr. Paul Weatherwax is about to leave for Mexico, where he will de- 
vote himself for some months to assembling materials bearing on the prob- 
lem of the origin of maize. His previous researches have given him un- 
surpassed preparation for the undertaking and we will all wish him the 
greatest of success. The student of the Maya area, it must be reiterated, 
cannot give disproportionate attention to maize. Other plants were of 
course important and the early civilization doubtless took into cultivation 
or utilized in the wild scores of plants. Nevertheless maize was basic. Next 
in importance came beans and squashes, and other crops were distinctly 
subsidiary. This is not said to minimize in any way the value of finding 
out all that can be found out about every useful plant, for facts regarding 
any one of them may throw light upon early culture. Every botanist 
should make a point of making such observations as those which Wilson 
Popenoe published in his short paper on ‘“‘the Useful Plants of Copan.” It 
is the sort of a critically annotated list which ought to be published for 
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as many localities as possible, since there is distinct danger in attempting 
to draw conclusions regarding the economic botany of any large region 
unless the geographic data are very precise. Vavilov has found fault with 
O. F. Cook’s list of the indigenous economic and domesticated plants and 
animals of Peru on the ground that about half of them are introduced. His 
own list for Central America and southern Mexico includes guayule, Par- 
thenium argentatum of northern Mexico, which has only become an eco- 
nomic plant very recently and had no significance in ancient culture, A gave 
lechuguilla, an important fiber plant of Texas and northern Mexico, sotol, 
Dasylirion durangense, which is merely the most southern member of a 
North-Mexican group and is not cultivated, etc. In making up any list of 
plants which may have served primitive man as the foundation of an 
agricultural civilization, it is quite obvious that one must not associate 
species which do not grow in the same very limited region. The occurrence 
of lechuguilla in North Mexico is surely no argument for the primacy of 
South Mexico as a culture center. Nevertheless, if used cautiously, Va- 
vilov’s hypotheses and methods should be of the utmost value in connec- 
tion with the biological survey of the Maya culture area. 

Now a few words with regard to the first expedition undertaken by 
the University of Michigan. The objective was Uaxactun, in the Petén 
district of Guatemala, where for seven years the Carnegie Institution has 
been engaged in excavating the oldest city of the Maya Old Empire. The 
site is reached by a trip across British Honduras to El Cayo, the head of 
navigation by small launches on the Belize River. During the brief dry 
season the Carnegie Institution maintains communication from El Cayo 
with Uaxactun by mule trains, making a round trip as regularly as pos- 
sible every nine or ten days. On account of late rains in 1931 it was im- 
practicable to traverse the logwood swamps with sufficient equipment to 
work efficiently until several weeks later than had been planned, but the 
time was utilized to the best possible advantage by collecting and study 
in British Honduras, where the work accomplished on the great pine area 
known as the Mountain Pine Ridge (the “Great Southern Pine Ridge”’ of 
some maps) was especially valuable. 

The Michigan party consisted of Dr. Josselyn Van Tyne, ornithologist, 
Dr. Adolf Murie, mammalogist, and the speaker, botanist. There had pre- 
viously been some bird collections made in the Mountain Pine Ridge, but 
in other fields of natural history little if anything had previously been 
done. So the delay in reaching Uaxactun was not too serious a matter, 
since the time spent there was adequate for making representative even 
if far from complete collections. In tropical rain forests it is very difficult 
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indeed to collect rapidly, since herbaceous and other easily accessible 
plants are soon exhausted, leaving trees and lianas to be sought out when 
in proper condition for collecting and more or less laboriously secured by 
climbing or felling. 

The botanical studies were primarily floristic this first season, since 
there was no opportunity in the practically unpopulated region about 
Uaxactun for contact with Mayas. The botanist did, however, arrange to 
have as one of his helpers an elderly Maya of El Cayo, whose parents were 
natives of the Petén near Benque Viejo. This man, Mercedes Chanec, was 
especially chosen because of his knowledge of plants. With his aid, and 
that of other speakers of Maya, a considerable vocabulary of plant names 
was obtained. 

Ethnobotanical work must be stressed in the future whenever the ex- 
peditions have good contacts with the Maya population. In spite of almost 
minimal contacts the first year, a good start has been made. Some of the 
economic plants which seldom or never flower have been sent alive to the 
Michigan Botanical Garden to be grown for identification. The maize 
varieties were collected with especial care and referred for study to Pro- 
fessor R. A. Brink, of the University of Wisconsin. 

One matter of especial interest in connection with the archaeological 
work will be the search of the plant cover of the ruins for economic plants 
which may be interpreted as vestiges of ancient cultivation. Only long 
experience can show what plants really belong in this category, but one 
is tempted to suspect that among them are the fine shrubby Physalis of 
the ruins of Uaxactun and the Agave which grows on the great temples at 
Tikal. The aguadas (water holes) are likewise likely to shield plants that 
are not truly indigenous, but owe their present distribution to human 
agency. One must not overlook similar possibilities among the plants of 
the forest, but here the problem is so complex that only wide travel and 
long experience in the region will enable one to judge of what in the pres- 
ent distribution of plants is natural and what has followed upon human 
occupation of the land. Here ethnobotanical problems merge into those of 
phytogeography and ecology. 

With the first season’s collections in hand, a bulky and interesting 
mass of material which no one botanist could identify and report upon in 
any reasonable length of time, it has been arranged, in order to deal with 
it promptly and have results for publication as soon as possible, to dis- 
tribute much of the material to specialists for study. As many groups as 
we can handle efficiently at the University of Michigan will be studied by 
our own staff. The task of this Biological Survey of the Maya area has not 
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been undertaken lightly and would be impossible of accomplishment ex- 
cept for the cordial cooperation which seems to be assured at every hand. 


UNIVERSITY OF MICHIGAN 
ANN ARBOR, MICH. 
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The progress of botanical exploration in tropical South America! 


H. A. GLEASON 
(WITH A TEXT FIGURE) 


It was a prodigious task which faced the pioneer botanical explorers 
of South America. It is unnecessary to do more than remind you that 
tropical South America is of greater extent than the whole of the United 
States, contains the greatest expanse of rain-forest to be found in the 
world and the highest mountains of the western hemisphere. All of these 
have made the process of exploration exceedingly difficult in the past and 
even today travel away from the customary roads, the few railroads, or 
the navigable rivers is still slow, expensive, and often difficult. The diplo- 
mat and the salesman can now reach with ease any part of the continent 
which interests them; the engineer and the oil geologist can make their own 
roads as they go; but the poor botanist has still the same trouble in reach- 
ing the country which he wants to see as did his predecessors of a century 
ago. As a result, tropical South America, considered as a whole, is still very 
inadequately known botanically, notwithstanding more than a century of 
effort by some scores of collectors who have brought back many thousands 
of specimens to the herbaria of the world. 

What do we mean by the expression adequately known? Let me illus- 
trate by comparison. If one should collect flowering plants energetically 
for a full year in Ohio or Massachusetts, it is almost certain that he would 
find not one undescribed species. He might find a few, a very few, species 
which had not been previously known from that state. A similar year in 
Florida or Louisiana might result in a very few species unknown to science, 
but the number would certainly be less than 1 per cent of the total. The 
flora of these states is adequately, if not yet completely known. There are a 
few bright spots on the otherwise dark continent of South America where 
one might have the same experience, but in general the booty of an ex- 
tended botanical trip still contains in round figures ten per cent of species 
unknown to science, and this rises to higher figures if the collector gets at 
all away from the usual routes of travel. Possibly a South American maxi- 
mum was reached in 1928, when Tate climbed Mount Duida for the first 
time and brought back a collection in which nearly 70 per cent were new 
species. 


! Based on an invitation address presented in a symposium on Tropical Botany 
before the joint session of Section G (Botanical Sciences) of the American Association 
for the Advancement of Science, the Botanical Society of America, the American 
Phytopathological Society, and the American Society of Plant Physiologists at New 
Orleans, 29 December, 1931. 
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A remarkable feature of tropical South America is the fact that collec- 
tors may travel repeatedly over the same route and still find different spe- 
cies, even of the larger and more conspicuous groups. Thus Poeppig, Mar- 
tius, Spruce, Ule, and Tessmann collected at different periods along the 
Amazon in eastern Peru and all of them found numerous species unseen by 
the others, even though they must have often visited precisely the same 
localities. Nor did they exhaust the field, for the recent visits of Williams, 
Killip, and Smith to the same ground has resulted in the detection of 
scores of unknown species, and after them Klug, working over the same 
general localities, sends in still other species completely new to science. 
Schomburgk traveled back and forth over the savannas of northern Brazil 
and discovered numerous new species. Ule covered essentially the same 
ground and added many new ones. Tate followed Ule’s trail almost exactly 
and discovered still others which none of his predecessors had found. This 
has been the continuous experience of botanists in most parts of South 
America for a century, so that we feel morally certain that we have by no 
means reached the end of botanical discovery, although we now approach it 
in a few limited districts. There are several reasons for this remarkable 
condition. One is the great luxuriance of the flora and the near impossi- 
bility of collecting all the plants which one sees. A second is the seasonal 
behavior of the flora, by which collectors visiting the same spot at different 
seasons have their attention directed to a different set of species. A third is 
the prevalence of trees, from which collecting is normally difficult and 
often impossible, and only a lucky chance gives some one man an oppor- 
tunity to secure flowering specimens of some of the forest giants. A fourth 
is the difficulty of detecting the smaller species among the welter of larger 
plants. Thus Spruce collected several new species of the tiny Burmannia- 
ceae, not one of which, to my knowledge, has ever been seen again. Still 
another cause is the sporadic distribution of the species. Two towns along 
the lower Mississippi, let us say a hundred miles apart, will have almost 
precisely the same flora, but two ports along the upper Amazon, no farther 
apart, will have a surprising difference in flora, even though the soil and 
climate are indistinguishable. And if a collector uses a small boat and stops 
off at the smaller Indian villages between the ports, as Klug and Williams 
have done, he finds still other kinds of plants. 

Time does not permit even an enumeration of the numerous botanists 
who have risked their lives and prejudiced their health in these South 
American jungles and mountains for the cause of science, but a few have 
carried on exploration of such difficulty or such magnitude that they must 
be mentioned. Let me name first Joseph Jussieu. Attached to the French 
expedition to determine the length of a degree of latitude at the equator, 
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he left the party in 1747 and disappeared over the mountains to the un- 
known lands east of Quito. Three years later he reappeared in Bolivia, 
1500 miles to the south, and lived there twenty-one years. What hardships 
he must have endured during three years in the hot lowlands I leave to 
your imagination; unfortunately he brought back few specimens. Bon- 
pland, always fragile in health and often an invalid, accompanied Hum- 
boldt on his long and strenuous exploration in tropical America 130 years 
ago, climbing to high altitudes in the Andes, braving the fevers of the 
Amazonian forests, and bringing back a rich collection which was the 
foundation of our knowledge of the Andean flora of Colombia and Ecuador. 
Others who deserve mention are Aublet, collecting (1762-1764) and los- 
ing his health in fever-ridden French Guiana and publishing his flora in 
1775; Martius, exploring eastern Brazil, ascending the Amazon in 1819 
and 1820 and later founding that monumental work, the Flora Brasiliensis; 
Schomburgk (1837-1841), crossing British Guiana in every direction and 
traveling on foot the whole length of the Pacaraima mountains; Spruce, 
living for fifteen years (1849-1864) among the Indians of the upper Ama- 
zon and in the mountains of Peru and Ecuador; Poeppig, exploring the 
tributaries of the Amazon in eastern Peru (1829-1832) ; Gardner, traveling 
far and wide (1836-1841) over inland Brazil; Mathews, living isolated and 
dying among the mountains of northern Peru (1833-1841). Beside these 
exploits, the achievements of such hardy explorers of North America as 
Kalm, Michaux, Nuttall, and Charles Wright are colorless. In fact, we may 
safely say that no other continent can present such a picture of devotion 
to botanical science in the face of hardship and danger. 

Followed these pioneers a series of professional collectors of living 
plants and seeds for the gardens of Europe, who also collected herbarium 
material of great value. Chief among them were Funck, Schlim, Linden, and 
Lobb, all working in the Andes from Venezuela to Bolivia. 

Still later, we find important work being done by a group of men resi- 
dents of the country and occupying scientific positions in the universities 
and museums of the developing continent. Of the numerous men of this 
category who have added much to botanical knowledge, I can mention 
only a very few: Huber, Hoehne, Ducke, Ule, of Brazil; Jenman of British 
Guiana; Pittier of Venezuela; Sodiro of Ecuador; Brother Ariste-Joseph 
of Columbia; Raimondi, Weberbauer, and Herrera of Peru; Buchtien of 
Bolivia. We can not afford to neglect André, the landscape architect and 
artist, or Lehmann, the German consul, both of whom collected thousands 
of plants of the greatest scientific value. 

North Americans have turned their attention to South America only in 
the last few years. In 1918 the Gray Herbarium of Harvard University, the 
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National Herbarium of Washington, and the New York Botanical Garden 
began their cooperative investigation of the northernmost countries, from 
French Guiana to Ecuador. A few years later the Field Museum began an 
extensive study of the flora of Peru. Sponsored by these powerful institu- 
tions, and perhaps better equipped than most of their predecessors, nu- 
merous botanists have explored parts of South America and it is due chiefly 
to their efforts that the leading herbaria of our own country now have a 
larger and often a more complete representation of the South American 
flora than can be found in Europe. Among the men who have aided in this 
work I mention merely the names of Archer, Dahlgren, Hazen, Hitchcock, 
Killip, Macbride, Pennell, Rose, Rusby, Smith, Williams. In the meantime 
European interest has not lagged and collecting has recently been done 
in this field by Sandwith, Tessmann, and Snethlage, while the work of the 
Swedish botanists under the Regnell Foundation still continues in Brazil 
and the Dutch are active in Surinam. 

If we could plot on a single map the various routes across South America 
which have been followed by these and other botanical explorers, we should 
find a remarkable meshwork of criss-cross lines, running in all directions 
and covering, in a general way, all parts of the continent. It would at the 
same time be quite apparent that there was a general tendency for the 
lines to converge toward certain centers of population and to overlie each 
other along certain well known trade routes. This is only natural. An ex- 
plorer landing from an ocean voyage in a new continent, surrounded by a 
new flora, gives way to his enthusiasm, and collects immediately at the 
seaport, forgetting that numerous other botanists have collected there 
before him. Rio, Para, Cayenne, Paramaribo, Georgetown, Caracas, Mara- 
caibo, Cartagena, Guayaquil, and Callao have all been botanized repeat- 
edly. When this same botanist starts inland on his explorations, he again 
tends to follow established trade routes for as long a distance as possible on 
the way to his destination, and again his collecting tends to overlap with 
that of his predecessors. This is not said in criticism. Quite on the contrary, 
it is this repetition of work in the same territory that has been necessary to 
discover and collect the flora. Even yet that work is not absolutely com- 
plete, not even for small districts about the seaports, or for the frequented 
trade-routes. I venture to say that there is not in all tropical South America 
a tract of a hundred square miles with its flowering plants all known and 
listed. Finding the first half of a flora is easy. Finding the next forty per 
cent is interesting, having the excitement of discovery without the neces- 
sity of too great exertion. Finding the last ten per cent means long con- 
tinued work, and an effort probably quite out of proportion to the interest 
or value of the results. 
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Reverting to our imaginary map, we would notice on it, outside these 
lines which botanists have followed, and spots where collecting has been 
rather intense, that the distance between lines, the width of the meshes in 
our network of routes, varies greatly, and these meshes represent unex- 
plored areas. Any one of these meshes may of course contain hidden in it 
some unknown species, or some plant not yet collected in the general re- 
gion, but the proportion of such unknown or undiscovered species is natur- 
ally greatest in the larger ones, and will be particularly high in those large 
ones which also contain a type of environment not represented elsewhere. 
Any good herbarium will show, and personal experience will verify, that 
two stations in the tropical rain forest fifty miles apart will show a con- 
siderable variation in their flora, even though the climate is the same in 
both, while a change in climate or soil, due to altitude or geology, is asso- 
ciated with much greater changes in the flora than we are accustomed to in 
the temperate zone. 

An immense amount of biographical research would be necessary to 
construct such a map as I have described, showing all the collecting routes 
in South America, but a different sort of map may be more easily prepared 
and will probably be more useful to us. Let us divide South America ac- 
cording to our present knowledge of its flora. Four grades of knowledge 
may be arbitrarily distinguished, which I shall describe briefly, beginning 
with the highest. In this the flora has been repeatedly collected until by 
far the greater part of it is known. New species are still discovered occa- 
sionally, to be sure, and additions are often made to the known flora, but 
still the flora may be called adequately known. In such regions the plants 
are known probably as well as they were in the southern states when Chap- 
man wrote his flora, or possibly even better, say as completely as in Ala- 
bama when Mohr wrote his Plant Life of that state. Repeated collecting 
has made these areas well represented in herbaria so that most species are 
illustrated by ample material. There is opportunity for further work, of 
course, but it will result in the completion of our knowledge of existing 
species rather than in additions to the flora. 

In the second group I place those areas which have been repeatedly 
botanized but from which a considerably smaller part of the probable total 
flora is known. Many additional species will be added to herbaria from such 
regions, numerous new species may still be expected. Representation of 
these areas in American herbaria is not always good and further exploration 
would be greatly to their profit. That is especially the case in some par- 
ticular spots from which numerous types have been collected. Re-collecting 
in the same locality would add many extremely valuable topotypes to our 
collections. 
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In the third class we may place the greatest part of tropical South 
America. Here we know comparatively little of the ranges of species, either 
in altitude or latitude. Every botanical expedition across such areas brings 
back a quantity of undescribed species as well as numerous others not 
previously known from the region. 





Fig. 1. Progress of botanical exploration. Black—adequately known. Cross-hatched— 
fairly well known. Lined—poorly known. Blank—virtually unknown. 


Lastly, the fourth and lowest class includes those regions which have 
never been explored at all or which have been traversed but once or twice. 
Here almost every collection represents an extension of a known range or a 
species unknown to science. These are the places which will yield the rich- 
est results to botanical explorers, the areas to which every collector wishes 
to lead his next expedition. 

None of these four can be defined quantitatively and my division of 
tropical South America among them is naturally open to criticism, yet I 
believe that the map will serve to show in a fairly accurate way how they lie. 

In the first category I place a fair-sized area in southern Brazil, about 
the cities of Rio and Sao Paulo, the island of Trinidad, the coastal lands of 
British and Dutch Guiana and near the mouth of the Magdalena River in 
Columbia; also much restricted areas surrounding the cities of Cayenne, 
Caracas, Bogota, Quito, Lima, Cuzco and La Paz. Here and here only, do 
we have, in my opinion, an adequate knowledge of the phanerogamic flora. 
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The second class in naturally larger in size. I place in it part of the state 
of Minas Geraes, north of Rio, a fair-sized area around the city of Para, 
smaller areas around Santarem, Mandos, and Iquitos, the coast of French 
Guiana, a fairly wide strip just back of the coast in Surinam and British 
Guiana, the coastal Andes of Venezuela from somewhat east of Caracas to 
south of Maracaibo, connecting with a region in Columbia north and 
northeast of Bogota, a smaller region in the south end of the Cauca Valley 
in Colombia, extending through Ecuador to Guayaquil; a good share of 
the mountain mass of central Peru, the Yungas region of northern Bolivia, 
the coast of northern Chile, and a few other isolated areas elsewhere. If I 
were in charge of one of the smaller American herbaria and desired to 
build up a representative collection of South American plants, I should 
send my first expedition into some of these places. 

The third class covers the largest part of the area. Here I place the rest 
of eastern and southern Brazil south of the Amazon, most of the wooded 
area of the Guianas, the savannas of southern British Guiana and Mount 
Roraima, the immediate valleys of the Amazon, Branco, Negro, and Ori- 
noco, and all of the Andean region not included in the two preceding groups. 
Of this whole area, the part most needing exploration is the arid inland 
region of northeastern Brazil. 

Then we have left the unknown fourth. In Brazil this includes a 
strip of country north of the Amazon and the lowlands of the Acre terri- 
tory, in the Guianas the unknown mountains between them and Brazil; in 
Venezuela the whole southern half; in Colombia the savannas and forests of 
the eastern lowlands; in Ecuador the eastern triangle; in Peru a bit of 
country bounding the Acre territory of Brazil; in Bolivia the eastern low- 
lands, off to the Gran Chaco country at the southeast. 

And now a word about the future. If the botanical institutions of the 
United States wish to assume a leading part in the study of South Ameri- 
can botany, a position toward which they have been striving for several 
years, two campaigns are necessary. Most of the known species of South 
America are based on type specimens deposited in European herbaria, 
seldom with duplicates in any herbarium on this side of the Atlantic. We 
must know accurately what these species are, so that more recent collec- 
tions of the same species can be properly labeled in our own herbaria and 
other but somewhat similar species can be properly differentiated. To do 
this at present, we must usually depend on printed descriptions, which are 
often fragmentary, neglecting various structural features which the earlier 
botanists considered of no significance. We must take steps to get into our 
collections authentic material of these older species, and the best way to ac- 
complish it is to send expeditions into the field to collect intensively at the 
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very places where these species were originally discovered. We should re- 
trace the route of Humboldt, collect again extensively at Tarapoto, at 
Chachapoyas, at Quito, on the upper Rio Negro, and in many other places 
where botanical history has already been made. Our specimens should 
then be compared with the greatest care with the types in European her- 
baria, and a series of substitute types, or topotypes, prepared to illustrate 
these old species in America. In this connection I may mention that the 
great series of photographs of types prepared by Dr. Macbride and dis- 
tributed by the Field Museum will be of great value, while the collection of 
Spruce’s plants recently received by the New York Botanical Garden 
brings to this country a great number of duplicate types. 

The second campaign is one of further exploration. While the great 
collections from Colombia at the National Herbarium, from Peru at the 
Field Museum, from Bolivia at the New York Botanical Garden, are all 
noteworthy, not a single country in South America is as yet really well 
represented in any American herbarium. Except in those few and small 
areas to which I assigned the grade of one in my discussion a few minutes 
ago, exploration in any part of tropical South America is desirable and 
profitable. 

In looking forward to future fields for exploration, our thoughts natu- 
rally turn to the regions which are as yet unknown botanically. They have 
remained unknown so long chiefly because of the difficulty in reaching 
them. Physical difficulties can be surmounted and we have plenty of 
young men anxious to show what they can do. Financial difficulties are 
more serious and, in my opinion, can best be met by cooperation among 
interested institutions. What one institution can not do alone, several can 
do by working together. South American collectors must be trained and 
encouraged, and a market assured for their collections. It is only by work- 
ing shoulder to shoulder that the unknown areas on our map can be ap- 
preciably reduced. 


THe New YorkK BotaNIcAL GARDEN 
New York, N. Y. 
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An international program for a world-wide study of woods! 


SAMUEL J. RECORD 


It is a matter of common knowledge that woods are not all alike. Their 
differences in composition, color, odor, grain, texture, weight, strength, 
and durability are of much economic importan¢e in the timber industry. 
What is not so generally appreciated is that there are no two woods ex- 
actly alike. In a great many cases it is now possible to identify a wood with 
certainty as to its genus, frequently as to its section of a genus, and some- 
times as to its species or even variety. The number of such cases is increas- 
ing so rapidly that it is only a question of time until no exceptions remain. 

Delay in approximating this goal may be ascribed mostly to the lack of 
suitable material for study. Some of the earlier German and French anat- 
omists made the most of the specimens at their disposal, but for nearly 
all except the commonest trees they had to work with twigs taken from 
herbarium sheets. It is only in recent years that serious effort has been 
made to get wood samples from the main stem of trees from which her- 
barium material is taken. This calls for a new type of collector who real- 
izes that the trunk of a forest tree equals the leaves and flowers in sci- 
entific interest and surpasses them a thousand times in economic value. 

The student of wood looks to the systematic botanists to classify and 
name his plants, and he has no intention of setting up a separate classifi- 
cation. He is therefore keenly interested in what systematic botanists do 
and would appreciate a reciprocal interest on their part. He deplores the 
loss of time and effort necessary to bridge the gaps the ordinary collector 
leaves in our knowledge of tree and forest. Think what it would mean to 
science and industry if every herbarium specimen of a tree were accom- 
panied by a sample of the wood! Is it too much to ask the present genera- 
tion of botanists to attempt some atonement for the shortcomings of their 
predecessors? Why not widen the field of systematic botany and increase 
its usefulness? Why shouldn’t botanists seek to name the whole tree and 
not just a few fragments of foliage and flowers? The work will be harder for 
the original collector, but it will not need to be done all over again. And if 
the wood of a type tree is missed, no amount of subsequent collections can 
ever quite make good the loss. 

The task of getting a comprehensive general collection of woods for 
systematic study is made especially difficult by the fact that most arbores- 

1 Based on an invitation address presented in a symposium on Tropical Botany 
before the joint session of Section G (Botanical Sciences) of the American Association 
for the Advancement of Science, the Botanical Society of America, the American 


Phytopathological Society, and the American Society of Plant Physiologists at New 
Orleans, 29 December, 1931. 
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cent species occur in the poorly accessible forests of the tropics. Scientific 
interest alone is scarcely incentive enough for sending costly expeditions 
after wood samples. But with reduction in the timber supply of the North 
Temperate Zone has come opportunity for the profitable exploitation of 
the vast tropical forests. The woods of the tropics are different in kind and 
technical properties from those with which civilized man has been so long 
familiar, and their introduction into the trade is usually a slow and diffi- 
cult process. European countries with colonial possessions, as well as some 
of the tropical countries themselves, are attempting to hasten this process 
and to stimulate their export trade. To this end they have built research 
laboratories for the thorough investigation of their timbers so that the 
manufacturer can employ them to the best advantage. Such work is of 
doubtful value unless the identity of every test specimen is known, hence 
each laboratory and research institution becomes a center for the building 
up of study collections of authentic samples. Fortunately such collections 
are not limited to the few species known to have commercial value, but 
often include all the different kinds of woods possible to obtain. For in- 
stance, at the Forest Research Institute at Buitenzorg, Java, are more than 
15,000 wood samples from all parts of the Dutch East Indian Archipelago, 
each specimen authenticated by herbarium material from the same tree. 
In that collection are representatives of more than 500 genera of about 
100 families. 

Most of the best wood collections are regional, and much of the re- 
search work is with geographical groups rather than by families. I believe 
the time is at hand to begin the preparation of a comprehensive work on 
the woods of the world, dealing with them systematically by families and 
genera. The easiest way to accomplish this is to get a number of scientists 
to work on monographs of related groups or families. The principal incen- 
tive needed is the material. It is hopelessly impossible to supply samples of 
all the species of any but the smallest families, but enough of the genera 
are represented in the different collections of the world to justify pre- 
liminary studies, and several of these are now well under way. 

With this general object in view we are trying to make the Yale collec- 
tion of woods as rich in genera as possible and are offering classified groups 
of specimens to competent research students anywhere. We now have over 
20,000 fully catalogued samples representing about 6300 named species 
of trees of nearly 2000 genera of almost 200 families. They have been ob- 
tained in the following manner: (1) By members of the School staff, some- 
times in cooperation with concerns, such as the United Fruit Company and 
the Firestone Plantations Company, which are interested in tropical de- 
velopment; (2) by resident botanists to whom subventions have been 
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granted for collecting excursions in their own countries, for example in the 
Brazilian Amazon region, in the mountain range near Santa Marta, Co- 
lombia, and in the Western Cordillera of Ecuador; (3) by company em- 
ployees, school teachers, missionaries, prospectors, and others in out-of- 
the-way places who find collecting a pleasant hobby; (4) through purchase 
and exchange and through gifts from innumerable sources. Other institu- 
tions have been very generous in contributing duplicates from their collec- 
tions, and in this way they have the assurance that their woods will be in- 
cluded in any extensive systematic work without interference with their 
own intensive or regional investigations. 

Our procedure for making specimens available for study is very simple. 
From a family-and-genus catalogue of material on hand, the investigator 
makes his selection, and cuttings large enough for sectioning are sent to 
him, along with copies of the catalogue cards. In order to encourage further 
cooperation and also to avoid unintentional duplication, notice of each 
project undertaken, together with the name and address of the investi- 
gator, is published in our quarterly magazine, Tropical Woods, which has 
a circulation of about a thousand copies and reaches nearly all those inter- 
ested in its field. This publication also contains original articles and notes, 
descriptions of new species discovered by Yale collectors, and a digest of 
the current literature. It aims to encourage collectors, to promote research, 
and to provide a readily atcessible file of useful information and references 
which otherwise might escape notice or not reach students who lack ade- 
quate library facilities. 

This is all very well so far as it goes, but it falls far short of meeting the 
real demand of the situation. There is need for a more general pooling of 
materials, for freer interchange of ideas, and for standardizing terminology 
and descriptions. There is need for better textbooks and manuals and for 
better training in the schools. There is need for closer cooperation with 
systematic botanists, paleobotanists, organic chemists, and others con- 
cerned directly or indirectly with woods. In short, there is need for some 
sort of international organization which can deal with the study of wood in 
all its ramifications. 

With this in mind, two British scientists and myself proposed that a 
conference of wood anatomists be held on the occasion of the Fifth Inter- 
national Botanical Congress in August, 1930. My colleagues were Dr. L. 
Chalk, of the Imperial Forestry Institute at Oxford, and Mr. B. J. Rendle, 
of the Forest Products Research Laboratory, Princes Risborough. There 
were three public sessions at Cambridge and it was decided to form an In- 
ternational Association of Wood Anatomists. Owing largely to our inex- 
perience in such matters, the association was not perfected, but the basis 
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for it was established and an organizing committee of nine appointed, con- 
sisting of representatives of Australia, Belgium, France, Germany, Great 
Britain, Netherlands, and the United States. 

A second conference was held at Paris on July 4, 1931, in connection 
with the Congrés International du Bois et de la Sylviculture. The constitu- 
tion recommended by the Organizing Committee was adopted. The first 
three articles are as follows: 


1. The Association shall be called the International Association of Wood Anato- 
mist’. 

2. The object of the Association shall be to advance the knowledge of wood 
anatomy in all its aspects. 

3. The activities of the Association shall be: 


(a) To interchange ideas and information through correspondence and 
meetings. 

(b) To facilitate the collection and exchange of material. 

(c) To work toward standard terminology and descriptions. 

(d) To stimulate the publication of scientific articles and abstracts. 

(e) To encourage and assist the study and teaching of wood anatomy. 

(f) To engage in any other activity consistent with the object of the Associa- 
tion. 


Three classes of members are provided for—namely, ordinary (or vot- 
ing), corporate, and honorary. The affairs of the Association, including 
election of members, are administered by the council of not more than 
twelve ordinary members elected every three years. The council appoints 
a secretary-treasurer who is directly responsible to it. There are no other 
officers, as it was considered desirable to make the organization as simple 
as possible. The scope of the Association was purposely limited to the 
field of wood anatomy, as the sponsors did not care to assume responsibility 
for the larger and more elaborate organization necessary to include the 
several branches of wood technology. 

No members were elected at the Paris meeting, but power to select the 
initial group was delegated to the Organizing Committee. This committee 
subsequently invited 27 members to join with it in founding the Associa- 
tion in accordance with the constitution. These charter members, 36 in all 
and representing 15 different countries, are at the moment balloting for 
the councilors who will direct the affairs of the Association for the first 
three years. By the end of that time there should be a membership of at 
least one hundred. 

In the meantime the Organizing Committee has not confined its atten- 
tion to devising a machine. On the contrary, it has anticipated some of the 
problems with which the Association will be concerned and has started 
cooperative work upon them. One of these is the preparation of a Manual 
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of Wood Anatomy. As a first step a glossary of terms used in describing 
woods was compiled in six languages and forwarded to experts in different 
countries for corrections and suggestions. Upon the basis of the returns, a 
revision was made and given a wider circulation, and a second revision will 
soon be issued for still further consideration and for translation into several 
more languages. At the same time certain details of wood structure, pro- 
posed standards for measurements, etc., have been assigned to individuals 
for special study. Good photomicrographs and drawings are being assem- 
bled for possible use in the manual, as it is intended to have every feature so 
fully illustrated and labeled that the meaning of every technical term will 
be clear. All terms in common usage will be defined and their equivalents 
in different languages will be given in the polyglot glossary. Other sections 
of the manual will deal with microtechnique, bibliography, and subjects to 
be determined, each part to be prepared under the direction of a specialist 
in that field. 

Another undertaking, to be started immediately, is the compilation of 
lists of wood specimens which various institutions are willing to make 
available to members of the Association engaged on definite research prob- 
lems. Organized effort will be made to increase the amount of authentic 
material. In this connection it is hoped that more systematic botanists 
will come to realize that within the trunk of a tree may be concealed the 
keys to some of their own taxonomic problems, and will modify their field 
collections accordingly. The Association needs all the good material it can 
possibly get, especially of the less common trees and the larger shrubs and 
woody vines. The results of the study of these materials will contribute to 
a general fund of knowledge which can be drawn upon to advantage by sys- 
tematists, paleobotanists, foresters, timber dealers, wood users, and all who 
are concerned with forests and forest products. 

It is with these ideas in mind that several of us in different parts of the 
world have decided to pool our resources and activities for the advance- 
ment of the knowledge of woods. Both personally and in my official capac- 
ity as secretary of its Organizing Committee, I wish to thank you for this 
opportunity to introduce to the scientific world the International Associa- 
tion of Wood Anatomists and to solicit for it your sympathetic interest 
and good will. 


YALE UNIVERSITY SCHOOL OF FORESTRY 
New Haven, Conn. 








INDEX TO AMERICAN BOTANICAL LITERATURE 
1920-1931 


The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 

This index is reprinted monthly on cards, and furnished in this form to 
subscribers at the rate of three cents for each card. Selections of cards are not 
permitted; each subscriber must take all cards published during the term 
of his subscription. Correspondence relating to the Index may be addressed 
to the Treasurer of the Torrey Club. 


Abbott, E. V. Further notes on plant diseases in Peru. Phyto- 
pathology 21: 1061-1071. N 1931. 

Albrecht, W. A., & Jenny, H. Available soil calcium in relation 
to ‘“damping off’’ of soy bean seedlings. Bot. Gaz. 92: 263- 
278. f. 1-10.14 N 1931. 

Alexander, E. J. Ampelopsis heterophylla. Addisonia 16: 35-36. 
pl. 530. “S” 140 1931. 

Alexander, E. J. Lantana Sellowiana. Addisonia 16: 47-48. pl. 
536.°S" 140 1931. 

Alexander, E. J. Sabbatia campanulata. Addisonia 16: 41-42. 
pl. 533.S” 140 1931. 

Alexander, G. The significance of hydrogen ion concentration in 
the biology of Euglena gracilis Klebs. Biol. Bull. 61: 165- 
184. allust.O 1931. 

Allen, R. F. Heterothallism in Puccinia triticina. Science II. 74: 
462-463. 6 N 1931. 

Anderson, E. Species hybrids in Aguilegia. Ann. Bot. 45: 639- 
646. f. 1-4.0 1931. 

Andrews, F. M. Liverworts of Spring Mill Park. Proc. Indiana 
Acad. Sci. 40: 67. 1931. 

Andrews, F. M. A study of pollen, VI. Proc. Indiana Acad. Sci. 
40: 69-71. 1931. 

Atkinson, G. F. Notes on the genus Lemanea in North America. 
Bot. Gaz. 92: 225-242. 14 N 1931. 

Edited by W. C. Muenscher. 


Aufderheide, H. Chromosome numbers in Fagus grandifolia and 
Quercus virginiana. Butler Univ. Bot. Stud. 2: 45-52. f. 
1-12. 0 1931. 

Babcock, E. B. New interspecific hybrids in Crepis. Zeits. Ziicht. 
A Pflanz. 17: 116-117. N 1931. 

Bacigalupi, R. A monograph of the genus Perezia, section Acour- 
tia, with a provisional key to the section Euperezia. Contr. 
Gray Herb. Harvard Univ. 97: 1-81. pl. 1-7. 31 O 1931. 
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Baird, R. O. A new species of Cactus. Am. Bot. 37: 150-151. O 
1931. 

Bangham, W. N. Chromosomes of some Hevea species. Jour. 
Arnold Arbor. 12: 287-288. O 1931. 

Bartholomew, E. T. Certain phases of Citrus leaf transpiration. 
Am. Jour. Bot. 18: 765-783. f. 1-3. “N”’ 9 D 1931. 

Baxter, E. M. California cacti. Sclerocactus polyancistrus—pine- 
apple cactus. Jour. Cactus & Succ. Soc. Am. 3: 85-86. il- 
lust. N 1931. 

Beal, M. The road to Cima. Madrono 2: 42-44. N 1931. 

Beattie, R. K. The threat of the Dutch elm disease. Am. Forests 
37: 489. illust. Au 1931. 

Benham, R. W. Phoma conidiogena, an excitant of asthma: some 
observations on the development and cultural characteris- 
tics. Bull. Torrey Club 58: 203-214. pl. 14-16+-f. 12-19. 
“Ap” 3.N 1931. 

Berkeley, G. H. Black knot of plums. Canada Dep. Agr. Pamph. 
136: 1-4. 1931. 

Blake, S. F. Lennoa caerulea in Colombia. Proc. Biol. Soc. Wash- 
ington 39: 146. 27 D 1926. 

Blake, S. F. New names for five American Asteraceae. Proc. 
Biol. Soc. Washington 39: 144. 29 D 1926. 

Blake, S. F. Two genera of Asteraceae new to the United States. 
Proc. Biol. Soc. Washington 39: 145. 29 D 1926. 

Bédeker, F. Coryphantha longicornis Bid. sp. n. Monats. 
Deutsch. Kakteen-Gesell. 3: 249-251. tilust. N 1931. 


From Mexico. 


Borthwick, H. A., Phillips, M., & Robbins, W. W. Floral devel- 
opment in Daucus carota. Am. Jour. Bot. 18: 784-796. pl. 
52+f. 1-36.‘N” 9D 1931. 

Boynton, K. R. Anemone Hupehensis. Addisonia 16: 33-34. pl. 
529. “*S” 140 1931. 

Boynton, K. R. [beris amara. Addisonia 16: 43-44. pl. 534. “S” 
140 1931. 

Boynton, K. R. Jagetes lucida. Addisonia 16: 37-38. pl. 531. 
“S” 140 1931. 

Brink, R. A., & Cooper, D. C. The association of semisterile—1 in 
maize with two linkage groups. Genetics 16: 595-628. f. 
1-9. N 1931. 


Briton-Jones, H. R. Trinidad plant diseases. Notes on some 
diseases of main crops in Trinidad. Jour. Imp. Coll.Trop. 
Agr. 8: 300-302. N 1931. 
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Brittingham, W. H. Variations in the evening primrose induced 
by radium. Science II. 74: 463-464. 6 N 1931. 

Brown, N. E. Fishy, or mesembs again. Jour. Cactus & Succ. 
Soc. Am. 3: 79-80. illust. N 1931. 

Buchanan, F. G. Uiahia Sileri re-discovered. Desert 3: 75. illust. 
N 1931. 

Buchholz, J. T. The suspensor of Sciadopitys. Bot. Gaz. 92: 243- 
262. f. 1-19.14 N 1931. 

Buisman, C. Three species of Botryodiplodia (Sacc.) on elm 
trees in the United States. Jour. Arnold Arbor. 12: 289- 
296. pl. 38, 39+f. 1.0 1931. 

Burk, D., & others. The relation between iron, humic acid and 
organic matter in the nutrition and stimulation of plant 
growth. Science II. 74: 522-524. 20 N 1931. 

Burret, M. Four new palms collected in the territory of Papua 
(British New Guinea) by L. J. Brass. Jour. Arnold Arbor. 
12: 264-269. O 1931. | 

Busteed, R. C. Notes on Uncinula circinata Cooke and Peck. 
Proc. Indiana Acad. Sci. 40: 73-74. f. 1. 1931. 

Chamberlain, G. C. Fire blight of pears and apples. Canada Dep. 
Agr. Pamph. 138: 1-10. f. 1-3. 1931. 

Chao, L. F. The disturbing effect of the glutinous gene in rice on 
a Mendelian ratio. Genetics 13: 191-225. ‘‘“My”’ 1 Je 1928. 

Christoff, M. Cytological studies in the genus Nicotiana. Gene- 
tics 13: 233-276. pl. 1-4. “My” 1 Je 1928. 

Ciferri, R. Studies on cacao. I-V. Jour. Dep. Agr. Puerto Rico 
15: 223-286. pl. 28-35. J1 1931. 

Clark, L., & Frye, T. C. Hepaticae new to some northwestern 
states. Bryologist 34: 54-55. J1 1931. 

Clausen, R. E. Inheritance in Nicotiana Tabacum. XII. Trans- 
mission features of carmine-coral variegation. Zeits. Ziich. 
A Pflanz. 17: 108-115. f. 1,2. N 1931. 

Connard, M. H., & Zimmerman, P. W. The origin of adventi- 
tious roots in cuttings of Portulaca oleracea L. Contr. Boyce 
Thompson Inst. 3: 337-346. pl. 1,2+f.1.S 1931. 

Coons, G. H., & Strong, M. C. The diagnosis of species of Fu- 
sarium by use of growth-inhibiting substances in the culture 
medium. Michigan Agr. Exp. Sta. Tech. Bull. 115: 1-78. 
pl. 1-7. J1 1931. 

Cooper, D. C. Macrosporogenesis and the development of the 
macrogametophyte of Lycopersicum esculentum. Am. Jour. 
Bot. 18: 739-748. pl. 48-50+f. 1,2. “N"”. 9D 1931. 
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Craigie, J. H. An experimental investigation of sex in the rust 
fungi. Phytopathology 21: 1001-1040. f. 1-14. N 1931. 
Crocker, W., & Barton, L. V. After-ripening, germination, and 
storage of certain rosaceous seeds. Contr. Boyce Thompson 

Inst. 3: 385-404. f. 1,2. S 1931. 

Cruess, W. V., Richert, P. H., & Irish, J. H. The effect of hydro- 
gen-ion concentration on the toxicity of several preserva- 
tives to microorganisms. Hilgardia 6: 295-314. f. 1, 2. N 
1931. 

Cummins, G. B. Phragmidium species of North America: dif- 
ferential teliospore and aecial characters. Mycologia 23: 
433-445. pl. 32.2 N 1931. 

Dana, B. F. Peach leaf curl. Exoascus deformans. State Coll. 
Washington Ext. Ser. Bull. 81: 1-7. Mr 1922. 

Daubenmire, R. F. Additions to the vascular flora of Parke 
County, Indiana. Proc. Indiana Acad. Sci. 40: 75-76. 1931. 

Deam, C. C. Plants new or rare to Indiana. XVI. Proc. Indiana 
Acad. Sci. 40: 77-79. 1931. 

Dempsey, E. The biological anatomy of Triosteum perfoliatum. 
Trans. Kansas Acad. Sci. 34: 217-219. 1931. 

Denny, F. E. The effect of potassium cyanide upon the amylase 
activity of potato juice. Contr. Boyce Thompson Inst. 3: 
297-307. Je 1931. 

Denny, F. E. The effect of thiocyanates upon amylase activity. 
I. Potato amylase. Contr. Boyce Thompson Inst. 3: 277- 
285. Je 1931. 

Dermen, H. A study of chromosome number in two genera of 
Berberidaceae.: Mahonia and Berberis. Jour. Arnold Arbor. 
12: 281-287. O 1931. 

Dickerson, L. M. The inheritance of ruby seed coat color in peas. 
Jour. Heredity 22: 319-321. O 1931. 

Dodge, B. O. A further study of the morphology and life history 
of the rose black spot fungus. Mycologia 23: 446-462. pl. 
33—35.2N 1931. 

Dowding, E. S. The sexuality of Ascobolus stercorarius and the 
transportation of the oidia by mites and flies. Ann. Bot. 
45: 621-637. pl. 19+-f.1-10.0 1931. 

Eckerson, S. H. Influence of phosphorus deficiency on metab- 
olism of the tomato (Lycopersicum esculentum Mill.) 
Contr. Boyce Thompson Inst. 3: 197—217. f. 1-5. Je 1931. 

Eckerson, S. H. Seasonal distribution of reducase in the various 
organs of an apple tree. Contr. Boyce Thompson Inst. 3: 
405-412. f. 1-4. S 1931. 
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Eyster, W. H. Vivipary in maize. Genetics 16: 574-590. f. 1-3. N 
1931. 

Farr, W. K. Cotton fibres. I. Origin and early stages of elonga- 
tion. Contr. Boyce Thompson Inst. 3: 441-458. f. 1-4. S 
1931. 

Fassett, N. C. Notes from the Herbarium of the University of 
Wisconsin. VI. Rhodora 33: 72—75. 7 Mr 1931; VII. 224— 
228.14 N 1931. 

Fernald, M. L. Three Antennarias from Greenland. Rhodora 33: 
222-224. 14 N 1931. 

Flemion, F. After-ripening, germination, and vitality of seeds of 
Sorbus aucuparia L. Contr. Boyce Thompson Inst. 3: 413- 
439. f. 1-8.S 1931. 

Fraser, S. V. The flora of Cloud County. Trans. Kansas Acad. 
Sci. 34: 220—230. 1931. 

Fry, W., & White, J. R. Big trees. i—xii, 1-114. illust. Stanford 
Univ. Press, 1930. 

Gates, F. C. Kansas botanical notes, 1930. Trans. Kansas Acad. 
Sci. 34: 136-137. 1931. 

Geisler, F. Chromosome numbers in certain species of Helian- 
thus. Butler Univ. Bot. Stud. 2: 53-62. f. 1-15. O 1931. 
Gier, L. J. A preliminary key to the herbaceous dicotyledons of 
the Cherokee strip of southeast Kansas. Trans. Kansas 

Acad. Sci. 34: 255-267. 1931. 

Gleason, H. A., & others. Botanical results of the Tyler-Duida 
Expedition. Bull. Torrey Club 58: 277-344. pl. 17-26 +map. 
‘My” 21 N 1931; 345-404. pl. 27-33. ‘‘Je’”’ 11 D 1931; 405- 
464. pl. 34-37. ‘‘O” 22 D 1931; 465-506. pl. 38-45. ‘‘N”’ 22 
D 1931. 

Gleason, H. A. Studies on the flora of northern South America— 
XIV. Melastomataceae from Colombia and Ecuador. Bull 
Torrey Club 57: 63-75. ‘‘Ja’”’ 14 My 1930; XV. Recent col- 
lections of Melastomataceae from Peru and Amazonian 
Brazil. Bull. Torrey Club 58: 215-262. “‘Ap”’ 3 N 1931. 


Descriptions of 48 new species are included. 


Glenn, G. G., & Welch, W. H. Ecological relationships of the 
most common mosses in a certain vicinity near Blooming- 
ton, Indiana. Proc. Indiana Acad. Sci. 40: 87-101. f. 1. 
1931. 

Goodwin, L. E. A new juniper. Am. Bot. 37: 151-152.0 1931. 

Goss, R. W. Infection experiments with spindle tuber and un- 
mottled curly dwarf of the potato. Nebraska Agr. Exp. Sta. 
Res. Bull. 53: 1-36. F 1931. 
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Graves, A. H. Forms and functions of leaves. Brooklyn Bot. 
Gard. Leafl. 19: 1-11. f. 7. 18 N 1931. 

Groh, H. Grande Prairie weeds. Canada Dep. Agr. Pamph. 117: 
1-12. 1930. 

Grout, A. J. Bryology by automobile. Bryologist 34: 51-53. Jl 
1931. 

Hall, S. R. Observations on Euglena leucops, sp. nov., a parasite 
of Stenostomum, with special reference to nuclear division. 
Biol. Bull. 60: 327-344. pl. 1,2+f. 1-3. Je 1931. 

Halma, F. F. The propagation of Citrus by cuttings. Hilgardia 
6: 131-157. f. 1-13.0 1931. 

Hanna, G. D., & Grant, W. M. Diatoms of Pyramid Lake, 
Nevada. Trans. Am. Micros. Soc. 50: 281-296. pl. 25-27. 
O 1931. 

Harlan, H. V. The origin of hooded barley. Jour. Heredity 22: 
265-272. f. 1—-4+-frontis piece. S 1931. 

Hawkins, R. S. Methods of estimating cotton fibre maturity. 
Jour. Agr. Res. 43: 733-742. f. 1-6. 15.0 1931. 

Higgins, E. B. Siapelia Schinzii, Berger and Schlechter. Desert 
3: 80. illust. N 1931. 

Hirano, E. Relative abundance of stomata in Citrus and some 
related genera. Bot. Gaz. 92: 296-310. f. 1. 14 N 1931. 
Hogue, M. E. The sweet potato, stem or root? Trans. Kansas 

Acad. Sci. 34: 107-108. 1931. 

Hollick, A. Records of Triassic fossils on Staten Island, New 
York, with descriptions of specimens. Proc. Staten Island 
Inst. Arts & Sci. 6: 5-22. 25 N 1931. 

Holmes, F. O. Herpetomonas Bancrofti n. sp. from the latex of a 
Ficus in Queensland. Contr. Boyce Thompson Inst. 3: 375— 
384. f. 1-5.S 1931. 

Holmes, F. O. Local lesions of mosaic in Nicotiana Tabacum L. 
Contr. Boyce Thompson Inst. 3: 163-172. f 1-3. Je 1931. 

Hopkins, E. F. Manganese and the growth of Lemna minor. 
Science IT. 74: 551-552. 27 N 1931. 

Hoskins, J. H. Structure and classification of certain cycadofili- 
cinean roots from the McLeansboro formation of Illinois. 
Am. Midl. Nat. 12: 533-548. pl. 1-9. N 1931. 

Hosseus, C. C. Apuntes sobre coniferas. 1-16. f. ]-6. Univ. Nac. 
Cordoba. 1927. 

Hosseus, C. C. Apuntes sobre las Cactaceas. 1-25. f. 1-12. Univ. 
Nac. Cordoba. 1926. 

Hosseus, C.C. Estudio comparativo de la distribucién geografica 
de las plantas oficinales. Rev. Cent. Estud. Farmacia Cor- 
doba 3: 3-44. f. 1-15. 1927. 
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Hosseus, C. C. Loganiaceas. Rev. Cent. Estud. Farmacia Cor- 
doba 2: 4—5S0. illust. 1926. 

Hosseus, C. C. Nochmals Dracocephalum longipedicellatum 
Muschler. Repert. Spec. Nov. 23: 240. 1926. 

Hosseus, C. C. Rasgos fitogeograficos de la region del Lago Na- 
huel Huapi. An. Soc. Argentina Est. Geogr. 2: 286-301. 
1926. 

Hosseus, C. C. Rhizoma Rhei. Rev. Cent. Estud. Farmacia Cor- 
doba 1: 57—70. 1925. 

Howe, M. D. Origin of leaf, and adventitious and secondary 
roots of Ceratopteris thalictroides. Bot. Gaz. 92: 326-329. f. 
1-9.14 N 1931. 

Howell, J. T. Field notes on a desert wash. Madrono 2: 47-48. 
N 1931. 

Humphrey, R. R. Thorn formation in Fouguieria splendens and 
Idria columnaris. Bull. Torrey Club 58: 263-264. ““Ap’’ 3 
N 1931. 

Illick, J. T. A cytological study of meiosis in the pollen mother 
cells of some Oenotheras. Genetics 14: 591-633. pl. I-5. 
N 1929. - 

Jackson, H. S. The rusts of South America based on the Holway 
collections. V. Mycologia 23: 463—503. 2 N 1931; VI. Myco- 
logia 24: 62-186. 7 Ja 1932. 


Arthuria n. gen. and many new species are described. 


Jenkins, M. T., & Gerhardt, F. A gene influencing the composi- 
tion of the culm in maize. Iowa Agr. Exp. Sta. Res. Bull. 
138: 125-151. f. 1-8. My 1931. 

Jepson, W. L. A flora of California. IV. 369-464. f. 66-91. 1914; 
V. 465-528. f. 92-105. 1914; VI. 193-336. f. 14-60. 1922; 
VII. 529-578. f. 106-127. 1922. 

Jepson, W. L. Wilderness areas in California. Madrono 2: 45- 
47.N 1931. 

Johansen, D. A. Some evening primroses. Desert 3: 78. allust. 
N 1931. 

Kiesselbach, T. A., & Anderson, A. Breeding winter wheat for 
resistance to stinking smut (Tilletia levis and Tilletia tri- 
tict). Nebraska Agr. Exp. Sta. Res. Bull. 51: 1-22. f. 1. 
D 1930. 

Kittredge, E. M. Ferns and flowering plants of Woodstock Ver- 
mont. 1-57. Woodstock, Vt., Elm Tree Press, 1931. 

Kraatz, W. C. A quantitative net-plankton survey of east and 
west reservoirs near Akron, Ohio. Ohio Jour. Sci. 31: 475- 
500. pl. 1. N 1931. 
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LeClerg, E. L. Distribution of certain fungi in Colorado soils. 
Phytopathology 21: 1073-1081. N 1931. 

Lepeschkin, W. W. Death and its causes. Quart. Rev. Biol. 6: 
167-177. Je 1931. 

Lindstrom, E. W. Genetic tests for linkage between row number 
genes and certain qualitative genes in maize. Iowa Agr. 
Exp. Sta. Res. Bull 142: 251-288. Je 1931. 

Lojkin, M. Some effects of ultraviolet rays on the vitamin D 
content of plants as compared with the direct irradiation of 
the animal. Contr. Boyce Thompson Inst. 3: 245-265. f. 
1,2. Je 1931. 

Lojkin, M., & Vinson, C. G. Effect of enzymes upon the infec- 
tivity of the virus of tobacco mosaic. Contr. Boyce Thomp- 
son Inst. 3: 147-162. Je 1931. 

Ludwig, C. A. Some factors concerning earliness in cotton. Jour. 
Agr. Res. 43: 637-659. f. 1.10 1931. 

Lutman, B. F., & Walbridge, N. L. The role of magnesium in the 
aging of plants. Vermont Agr. Exp. Sta. Bull. 296: 1-48. 
pl. 1-5 +f. 1-3. Je 1929. 

McCool, M. M., & Youden, W. J. The pH and the phosphorous 
content of the expressed liquids from soils and plant tissues. 
Contr. Boyce Thompson Inst. 3: 267-275. f. 1. Je 1931. 

Mackenzie, K. K. Cariceae. N. Am. Flora 18: 3-60. 5 D 1931; 
61-112. 21 D 1931. 

Mackenzie, K. K. Cyperaceae. N. Am. Flora 18: 1-2. 5 D 1931. 

Malhotra, R. C. A contribution to the physiology and anatomy 
of tracheae, with special reference to fruit trees. I. Influ- 
ence of tracheae and leaves on the water conductivity. Ann. 
Bot. 45: 593-620. f. 1-8. O 1931. 

Martelli, U. Two Pandanaceae from the New Hebrides collected 
by S. F. Kajewski. Jour. Arnold Arbor. 12: 269-270. O 1931. 

Melchers, L. E. A check list of plant diseases and fungi occurring 
in Egypt. Trans. Kansas Acad. Sci. 34: 41-106. 1931. 

Metcalf, F. P. Notes on Chinese plants. Jour. Arnold Arbor. 12: 
270-275.0 1931. 

Meyer, C. V. Southward extension of range of Arbutus Menziesiz 
Madrono 2: 41-42. N 1931. 

Miller, L. P. The effect of thiocyanates upon amylase activity. 
II. Salivary amylase. Contr. Boyce Thompson Inst. 3: 287- 
296. f. 1-6. Je 1931. 

Miller, L. P. The effect of treatments with ethylene chlorhydrin 
on the pH of the expressed juice of potato tubers. Contr. 
Boyce Thompson Inst. 3: 321-335. f. 1.5 1931. 











1932] INDEX TO AMERICAN BOTANICAL LITERATURE 43 


Miller, L. P. The influence of sulphur compounds in breaking the 
dormancy of potato tubers. Preliminary report. Contr. 
Boyce Thompson Inst. 3: 309-312. f. 1,2. Je 1931. 

Moldenke, H. N. Helianthus cucumerifolius. Addisonia 16: 45— 
46. pl. 535. “S” 14.0 1931. 

Moore, J. A. All-thorne. Missouri Bot. Gard. Bull. 19: 141-142. 
pl. 32. N 1931. 

Morgan, W. P., & Michael, L. J. The altered rate of growth of 
Freesia cornus. Proc. Indiana Acad. Sci. 40: 103—105. 1931. 

Morse, A. P. The American lotus at West Peabody, Massachu- 
setts. Rhodora 33: 230. 14 N 1931. 

Murrill, W. A. Chestnut oak and basket oak. Am. Forests 37: 
660-661. illust. N 1931. 

Neal, D. C., & Ratliffe, G. T. Infection experiments with the 
cotton root-rot fungus, Phymatotrichum omnivorum. Jour. 
Agr. Res. 43: 681-691. f. 1-3. 15 O 1931. 

Nolla, J. A. B. Studies on the bacterial wilt of the Solanaceae in 
Porto Rico. Jour. Dep. Agr. Porto Rico 15: 287-308. pl. 
36-39. J1 1931. 
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